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Intra-Tester Reliability and Concurrent Validity of Musculoskeletal Ultrasound and
Vernier Calipre in Quantifying the Anteroposterior Diameter of the Common
Extensor Origin of the Forearm and the Radial Nerve: A Cadaveric Study
Abstract
Introduction: The literature reports an increase in anteroposterior diameter of the common extensor
origin (CEO) of the extensor carpi radialis brevis (ECRB) and extensor digitorum communis (EDC) or
the radial nerve in painful elbows diagnosed with lateral epicondylalgia (LE) or supinator syndrome.
The edge-to-edge measurements of these anatomical structures are quantified using musculoskeletal
ultrasound (MSUS). However, in the current literature, reports on the reliability and validity of MSUS
measurements of the CEO (of ECRB and EDC) and the radial nerve are not found. In this study, reliability
was measured for three testers in determining the anteroposterior diameter of the CEO (of ECRB and
EDC) and the radial nerve. Moreover, the concurrent validity was determined of MSUS measurements with
Vernier calipre measurements using formalin preserved elbows of human cadavers. Methodology: Cadaver
measurements of the CEO (of ECRB and EDC) and the radial nerve were performed. Initially, the sonologist
measured the anteroposterior diameter of the CEO (of ECRB and EDC) and the radial nerve. A month after
scan, the formalin preserved cadavers were dissected. Consequently, the anteroposterior diameter of the
exposed CEO (of ECRB and EDC) and the radial nerve was measured using the Vernier calipre. Results:
Eight upper extremities of four embalmed Filipino cadavers (2 males: 2 females) were dissected. A total
of seven (7) CEO of EDC, seven (7) CEO of ECRB, and eight (8) radial nerves at the level of the radial head
in the elbows of four (4) cadavers were measured using the MSUS and the Vernier calipre. The MSUS and
Vernier calipre protocol used in this study was found to be reliable, p > 0.05. However, in all three levels
of interest, the MSUS measurements were statistically different from the Vernier calipre measurements,
p < 0.05. Conclusion: MSUS and Vernier calipre measurements are reliable methods in measuring the
CEO (of ECRB and EDC) and the radial nerve. While each of these methods is reliable in measuring the
anteroposterior dimensions of the CEO (of the EDC and ECRB) and the radial nerve, substituting one for the
other yielded statistically different measurement results.
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ABSTRACT
Introduction: The literature reports an increase in anteroposterior diameter of the common extensor origin (CEO) of the
extensor carpi radialis brevis (ECRB) and extensor digitorum communis (EDC) or the radial nerve in painful elbows diagnosed
with lateral epicondylalgia (LE) or supinator syndrome. The edge-to-edge measurements of these anatomical structures are
quantified using musculoskeletal ultrasound (MSUS). However, in the current literature, reports on the reliability and validity of
MSUS measurements of the CEO (of ECRB and EDC) and the radial nerve are not found. In this study, reliability was measured
for three testers in determining the anteroposterior diameter of the CEO (of ECRB and EDC) and the radial nerve. Moreover, the
concurrent validity was determined of MSUS measurements with Vernier calipre measurements using formalin preserved elbows
of human cadavers. Methodology: Cadaver measurements of the CEO (of ECRB and EDC) and the radial nerve were
performed. Initially, the sonologist measured the anteroposterior diameter of the CEO (of ECRB and EDC) and the radial nerve.
A month after scan, the formalin preserved cadavers were dissected. Consequently, the anteroposterior diameter of the exposed
CEO (of ECRB and EDC) and the radial nerve was measured using the Vernier calipre. Results: Eight upper extremities of four
embalmed Filipino cadavers (2 males: 2 females) were dissected. A total of seven (7) CEO of EDC, seven (7) CEO of ECRB,
and eight (8) radial nerves at the level of the radial head in the elbows of four (4) cadavers were measured using the MSUS and
the Vernier calipre. The MSUS and Vernier calipre protocol used in this study was found to be reliable, p > 0.05. However, in all
three levels of interest, the MSUS measurements were statistically different from the Vernier calipre measurements, p < 0.05.
Conclusion: MSUS and Vernier calipre measurements are reliable methods in measuring the CEO (of ECRB and EDC) and the
radial nerve. While each of these methods is reliable in measuring the anteroposterior dimensions of the CEO (of the EDC and
ECRB) and the radial nerve, substituting one for the other yielded statistically different measurement results.
INTRODUCTION
Lateral epicondylalgia (LE) is a soft tissue injury manifesting as pain on the lateral aspect of the elbow. It is reported to be the
most common cause of lateral elbow pain.1,2 The prevalence of LE ranges from 1 to 1.3% in men and from 1.1 to 4.0% in
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women in the general population with no apparent gender bias.3
The clinical diagnosis of LE is based on the replication of lateral elbow pain of the patient by one of the Cozen’s, Mill’s or
Maudsley’s tests.4 These clinical provocation tests are believed to stress one or a combination of the extensor carpi radialis
brevis (ECRB), extensor digitorum communis (EDC), and the radial nerve at the level of the radial head. 5-8 In the Cozen test,
resisted wrist extension compresses the radial nerve by the contracting ECRB.5 In the Mill test, passive wrist flexion increases
the pressure in the elbow compressing the radial nerve and tensioning the CEO. 6 In the Maudsley test, resisted third finger
extension compresses the ECRB over the radial nerve7 or strains the EDC’s slip to the middle finger near its attachment to the
lateral epicondyle.8
At the level of the radial head, the two separable musculotendinous attachments of the EDC and ECRB form the common
extensor origin (CEO) that attaches on the lateral epicondyle.9 The EDC is at CEO’s superficial portion (approximately 65 to 75%
of the CEO thickness) and the ECRB is at CEO’s deepest quarter (approximately 25 to 35% of the CEO thickness).9 The fibrous
edge of the ECRB angles downward and overlies the radial nerve.5, 7,10,11
The CEO (of ECRB and EDC) and the radial nerve are strained during handgrip activities that use forceful and repetitive wrist
extension and alternating forearm supination and pronation.3,12 As a response to the forceful and repetitive handgrip, seven
studies using musculoskeletal ultrasound (MSUS) had reported echogenic abnormalities with three studies reporting on large
anteroposterior diameters of the CEO (of ECRB and EDC) reflecting thickening in elbows with LE as reported in Table 1.13-19
Though not yet reported in elbows with LE, thickened anteroposterior diameter of the radial nerve has been reported in elbows
with supinator syndrome.20
Table 1. Anteroposterior Diameter Measurements of CEO and RN by MSUS
Mean Anteroposterior Diameter Measurements of the CEO and the Radial Nerve (in mm)
Toprak et al.19
Healthy elbows

Lee et al.14

CEO

4.23

Affected
Elbows
4.58

RN

NA

NA

Bodner et al.20

Healthy
elbows
>4.2

Affected
elbows
<4.2

Healthy
elbows
NA

Affected
elbows
NA

NA

NA

1.31

3.3

Key: CEO, common extensor origin; mm, millimetre; MSUS, musculoskeletal ultrasound; NA, not applicable; RN, radial nerve
To quantify the anteroposterior diameter of the CEO (of ECRB and EDC) and the radial nerve in LE, there is an increase in the
use of MSUS where edge-to-edge measurements of small, well-defined tendons and nerves are investigated.21-23 While MSUS
can be useful in quantifying the anteroposterior diameter of the CEO (of ECRB and EDC) and the radial nerve, the results of
MSUS are dependent on the skills of the operator and on the MSUS protocol used. 24 Poltawski et al suggests that experts
following the same protocols can have different quantitative measurements of same tendon/nerve and different tendons/nerves
affecting the reliability of the measurement results.25 In the current literature, there is lack of reliable MSUS protocol to measure
the anteroposterior diameter of the CEO (of ECRB and EDC) and the radial nerve.
In addition to the lack of a reliable MSUS protocol in measuring the anteroposterior diameter of the CEO (of ECRB and EDC)
and the radial nerve, no concurrent validity study has compared the measurements of MSUS with actual measurements of
Vernier calipre of the CEO (of ECRB and EDC) and the radial nerve in the human body. This is despite the availability of Vernier
calipre that measures human soft tissues.26-29 Moreover, Vernier calipre measurements are used as the reference standard in
validating the measurements obtained through MSUS.26
Considering the gaps identified in the literature on the reliability and concurrent validity of MSUS and Vernier calipre in
measuring the anteroposterior diameter of the CEO (of ECRB and EDC) and the radial nerve, this study aimed to determine the
intra-tester reliability and concurrent validity of the sonologist in the use MSUS and the two testers in the use of the Vernier
calipre in measuring the anteroposterior diameter of the following structures in the elbow at the level of the radial head: CEO of
the ECRB, CEO of the EDC, and radial nerve.
MATERIALS AND METHODS
Ethics: This study was approved by the Ethics Review Board of the University of Santo Tomas (UST).
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Setting: The Human Anatomy Laboratory of the Faculty of Medicine and Surgery of the University of Santo Tomas.
Tester: For MSUS measurements of the CEO (of ECRB and EDC) and radial nerve, the rehabilitation doctor had 14 years of
practice in rehabilitation medicine and had been using MSUS for the past five years. For Vernier calipre measurements of the
CEO (of ECRB and EDC), the senior researcher was an Assistant Professor in Human Anatomy Laboratory 1 (Musculoskeletal
System) and 2 (Organ System) with 11 years of experience in cadaver dissection. For Vernier calipre measurements of the radial
nerve, the junior researcher has 3 years of experience in cadaver dissection.
Equipment: The ESaote MyLab 40 Family Ultrasound machine (ESaote Asia Pacific Diagnostic Private Limited) with a multifrequency broadband linear array transducer (5 to 17 MHz) was used to measure in millimeters (mm) the anteroposterior
diameter of the CEO (of the ECRB and EDC) and the radial nerve at the level of the radial head. A standard mechanical Vernier
calipre accurate up to 0.05mm was used to measure in millimeters (mm) the structures of interest.
Study processes: As shown in Figure 1, the study processes include MSUS scan of non-dissected elbows by the sonologist,
cadaver dissection by the senior researcher and Vernier calipre measurements by the senior and junior researchers.
Figure 1. Study Processes Involved In Determining the Measurements of the CEO (Of ECRB and EDC) and the Radial
Nerve

Keys: AP, anteroposterior; CEO, common extensor origin; ECRB, Extensor Carpi Radialis Brevis; EDC, Extenor Digitorum
Communis; MSUS, musculoskeletal ultrasound; RN, radial nerve; VC, Vernier caliper. Blue boxes indicate sonlogist intervened
processes. Green boxes indicate primary research-intercened processes. Orange box indicates junior research-intervened
processes. Black box indicated senior and junior researchers-intervened processes.
MSUS scan of non-dissected elbows: Eight pronated non-dissected forearms of four cadavers held at 30 to 40 degrees of elbow
flexion were scanned by the sonologist. Prior to scanning, the sonologist determined the radial head of the cadaver’s elbow via
palpation and transversely placed the transducer head immediately distal to the radial head. At the level immediately distal to the
radial head, the anteroposterior diameter of the CEO (of ECRB and EDC) and the radial nerve was measured each for three (3)
consecutive times as shown in Figure 1. The size of the ultrasound image was 407 x 636 pixels, with the image in 8-bit grayscale
(8 bits per pixel with 256 shades of gray). A research assistant recorded the measurements.
Cadaver dissection: A month after the upper extremities were scanned by the sonologist, the senior researcher dissected the
upper extremities. Using the sharp end of the scalpel, the skin and fascia overlying the lateral epicondyle and the area 5 cm
distal to it were dissected away from the overlying EDC muscle. The exposed EDC muscle was cut 5 cm distal to the lateral
epicondyle. To prevent fissuring of the EDC and ECRB muscle fibres, the blunt end of the scalpel was used to separate the EDC
from the underlying ECRB.
Vernier calipre measurements of dissected elbows: At the level immediately distal to the radial head, the senior researcher
measured the anteroposterior diameter of the tendon of the EDC and the tendon of the ECRB. After measuring the CEO (of the
ECRB and EDC), the junior researcher measured the anteroposterior diameter of the radial nerve as shown in Figure 1. Each of
the CEO (of ECRB and EDC) and the radial nerve was measured for three consecutive times. A research assistant recorded the
measurements.
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STATISTICAL ANALYSIS USED
Medcalc for Windows, 2012-2013 was used to compute for the mean and 95% confidence interval of the mean for each trial in
the CEO of ECRB, the CEO of EDC, and the radial nerve.30 Using Medcalc for Windows, 2003-2010, the Bland & Altman plot
(Bland & Altman, 1986 and 1999) was used to:
a.

b.

Identify the statistical differences in the three trial measurements in each of the tendon of ECRB, the tendon of EDC,
and the radial nerve. In each level of interest, trial 1 was compared against trials 2 and 3. Additionally, trial 2 was
compared against trial 3. In each level of interest, the mean of the trial measurements that were not statistically
different was determined.
Identify the presence of systematic differences between mean scores of MSUS and Vernier calipre measurements in
each level of interest. The differences between these two techniques were plotted against the averages of the MSUS
and Vernier calipre measurements.

The line of equality was used to determine the presence of statistical differences in between trial measurements for each level of
interest. Lines for 95% Confidence Interval (CI) of mean of differences defined the magnitude of statistical differences. Line of
equality that is outside the 95% CI of mean of differences indicates presence of significant statistical differences in between
trials. A p-value of less than 0.05 indicates presence of systematic differences between the three trial measurements for each
level of interest and between the two techniques (MSUS and Vernier calipre measurements) used to measure the anatomical
structures.
RESULTS
Eight upper extremities of four embalmed Filipino cadavers (2 males: 2 females) were dissected. No evidence of cuts and
blotches indicating human-induced damage in the tissues and fractures of humerus, radius and ulna was observed.
A total of seven (7) CEO of EDC, seven (7) CEO of ECRB, and eight (8) radial nerves at the level of the radial head in the
elbows of four (4) cadavers were measured using the MSUS and the Vernier calipre. The anteroposterior diameter of the CEO
(of ECRB and EDC) in the elbow of one female cadaver was not measured due to advanced stage of decomposition.
Intra-tester reliability of the sonologist in measuring the CEO (of ECRB and EDC) and the radial nerve at the level of the radial
head: A total of 66 MSUS measurements (21 CEO of the EDC, 21 CEO of the ECRB, and 24 radial nerve) were taken by the
sonologist. In all three levels of interest, no statistical differences in between measurement trials were reported (p>0.05) as
shown in Table 2.
Table 2. Mean (95% CI of the mean) of the CEO (of ECRB and EDC) and the radial nerve as measured by the sonologist
using the MSUS
Levels of Interest
Trial 1
Trial 2
Trial 3
p-value
Mean(95% CI) in mm
Mean (95% CI) in mm
Mean (95% CI) in mm
ECRB
1.26 (1.04-1.48)
1.26 (1.01-1.51)
1.33 (1.05-1.60)
p>0.05
EDC
1.03 (0.67-1.39)
1.10 (0.90-1.31)
1.20 (0.94-1.5)
p>0.05
Radial nerve
0.95 (0.81-1.09
1.0 (0.87-1.13)
0.95 (0.75-1.15)
p>0.05
Key: CEO, common extensor origin; CI, confidence interval; ECRB, extensor carpi radialis brevis; EDC, extensor digitorum
communis; mm, millimetres; MSUS, musculoskeletal ultrasound
Intra-tester reliability of the senior researcher in measuring the CEO (of ECRB and EDC) at the level of the radial head: A total of
42 Vernier calipre measurements (21 tendon of EDC and 21 tendon of ECRB) were taken by the senior researcher. As shown in
Table 3, no statistical differences in between the three trial measurements using the Vernier calipre for each of the two tendons
were reported (p>0.05).
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Table 3. Mean (95% CI of the Mean) of the CEO (Of ECRB and EDC) as Measured by the Senior Researcher Using the
Vernier Calipre
Levels of Interest
Trial 1
Trial 2
Trial 3
p-value
Mean (95% CI) in mm
Mean (95% CI) in mm
Mean (95% CI) in mm
ECRB
5.42 (3.76-7.09)
5.56 (3.63-7.49)
5.55 (3.37-7.73)
p>0.05
EDC
6.21 (3.92-8.50)
6.22 (4.36-8.09)
6.60 (4.63-8.56)
p>0.05
Key: CEO, common extensor origin; CI, confidence interval; ECRB, extensor carpi radialis brevis; EDC, extensor digitorum
communis; mm, millimetres
Intra-tester reliability of the junior researcher in measuring the radial nerve at the level of the radial head: A total of 24 Vernier
calipre measurements of the radial nerve were taken by the junior researcher. Except for trials 1 and 3, no statistical differences
in between trials 1 and 2 and in between trials 2 and 3 were reported (p>0.05) as shown in Table 4. Figure 2 shows the Bland
and Altman plot for trials 1 and 3 showing that the line of equality (orange line) was outside of the 95% confidence interval of the
mean of differences (green line), indicating significant differences in between trials.
Table 4. Mean (95% CI of the Mean) of the Radial Nerve as Measured by the Junior Researcher Using the Vernier Calipre
Levels of Interest
Trial 1
Trial 2
Trial 3
p-value
Mean (95% CI) in mm
Mean (95% CI) in mm
Mean (95% CI) in mm
Radial nerve
2.03 (1.38-2.68)
1.80 (1.11-2.49)
1.73 (1.02-2.43)
p>0.05
except for
trials 1 and 3
Key: CI, confidence interval; mm, millimetres
Figure 2. Bland Altman Plot of VC Measurements Between Trials 1 and 3

Key: VC, Vernier Calipre
Concurrent validity of MSUS and Vernier calipre in measuring the anteroposterior diameters of the CEO (of ECRB and EDC) and
the radial nerve: The mean Vernier calipre measurements of the CEO (of ECRB and EDC) (average of three trials) and the mean
Vernier calipre measurements of the radial nerve (average of trials 2 and 3) are significantly larger than their mean MSUS
measurements (average of three trials) (p<0.05) as shown in Table 5. The Bland and Altman plots for the CEO (of ECRB and
EDC) and the radial nerve indicated statistical differences in between the MSUS and Vernier calipre measurements (p<0.05).
Table 5. Mean MSUS and VC Measurements for the CEO of the ECRB and EDC and the Radial Nerve
Levels of Interest
MSUS Mean Measurements
VC Mean Measurements
p-values
Mean (95% CI) in mm
Mean (95% CI) in mm
ECRB
1.26 (1.03-1.48)
5.51 (3.62-7.41)
0.002
EDC
1.11 (0.88-1.35)
6.33(4.35-8.30)
0.001
Radial nerve
0.97 (0.67-1.27)
1.76 (0.78-3.53)
0.038
Key: CI, confidence interval; ECRB, extensor carpi radialis brevis; EDC, extensor digitorum communis; mm, millimetres; MSUS,
musculoskeletal ultrasound; VC, Vernier calipre
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DISCUSSION
This cadaver study investigated the intra-tester reliability and the concurrent validity of MSUS and Vernier calipre protocols in
quantifying the anteroposterior diameter of the CEO (of ECRB and EDC) and the radial nerve. The study’s findings were that a)
The MSUS protocol used by the sonologist in measuring the anteroposterior diameter of the CEO (of ECRB and EDC) and the
radial nerve was reliable; b) The Vernier calipre protocol used in measuring the anteroposterior diameter of the CEO (of ECRB
and EDC) was more reliable compared to the Vernier calipre protocol used in measuring the anteroposterior diameter of the
radial nerve; and c) In all three levels of interest, the MSUS measurements were statistically different from the Vernier calipre
measurements.
The reliability of the sonologist in scanning the anteroposterior diameter of the CEO (of ECRB and EDC) and the radial nerve
was underpinned by the standard MSUS protocol, the state-of-the art MSUS machine, and the expertise of the sonologist used in
this study, confirming the factors influencing MSUS scan of anatomical structures reported in the paper of Poltawski et al.25 The
MSUS protocol consists of palpation of the radial head prior to placement of the transducer head, standard positioning of the
elbow during scan, and the use of copious gel. Determination of the level of the radial head by the sonologist standardised the
placement of the transducer head on an area immediately distal to the radial head. This process improved the reliability of the
sonologist, as it yielded MSUS images that showed approximately the same segment of the CEO (of ECRB and EDC) and the
radial nerve across the eight non-dissected scanned elbows. To keep the MSUS image clear during actual measurement, the
pronated forearm was kept at 30 to 40 degrees of flexion by the senior researcher. Moreover, the copious amount of gel kept the
transducer head perpendicular and in maximal contact with the cadaver skin. Additionally, the sensitivity of the MSUS equipment
set at automatic gain with depth of 2.7 mm ensured distinct edge-to-edge measurements of the CEO (of the ECRB and EDC)
and the radial nerve. Considering that MSUS use is highly dependent on the skills of the operator, we are confident on the
expertise of our sonologist who had 5 creditable years of scanning elbows of cadavers.
Of the three levels of interest, the statistical differences only seen in the Vernier calipre measurement trials 1 and 3 of the radial
nerve could be secondary to the tight apposition of the radial nerve on the radial head. The convex radial head prevented the
Vernier calipre clamp from being placed between the radial head and the radial nerve. To position the radial nerve in between
the Vernier calipre clamps, the junior researcher lifted the radial nerve which could have altered the actual measurement of the
anteroposterior diameter of the radial nerve.
The significantly statistical difference in anteroposterior diameters of the CEO (of the EDC and ECRB) and the radial nerve
between MSUS and Vernier calipre measurements indicate that these two methods cannot be interchangeably used in
determining the size of these anatomical structures. Considering that the Vernier calipre measurements were done one month
after the MSUS measurements, we assumed that decomposition of cadaver tissues could have likely decreased the Vernier
calipre measurements. However, this assumption does not support the larger Vernier calipre measurements of the CEO (of the
ECRB and EDC) and the radial nerve compared to the MSUS measurements as shown in Table 4. Instead of decomposing soft
tissue structures, we believe that the smaller MSUS measurements of the CEO (of ECRB and EDC) and the radial nerve in nondissected elbows was due to the pressure exerted by the intact yet formalin preserved and hardened skin and fascia on these
anatomical structures consequently limiting their sizes.9 The pressure exerted on the radial nerve by the CEO (of the ECRB and
EDC) limits its size, thus contributing to the smaller MSUS measurements compared to the Vernier calipre measurements. 9,31
Comparing the measurements of the ECRB, EDC and radial nerve in this study with the measurements reported by Lee et al,
Toprak et al, and Bodner et al, the Vernier calipre measurements of the three investigated anatomical structures in the formalin
preserved cadavers closely approximate the MSUS measurements done on the elbows of healthy living participants as shown in
Table 6.14,19,20 The difference in the MSUS measurements of our study with the MSUS measurements of Lee et al., Toprak et al.,
and Bodner et al., may be secondary to the process used in preserving the cadavers. 14,19,20 The formalin in the tank where the
cadavers were stored could have seeped into the skin and subcutaneous tissues potentially compressing the CEO (of ECRB and
EDC) and the radial nerve, thus the resulting smaller MSUS measurements of these structures compared to the Vernier calipre
measurements.
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Table 6. Comparison of Anteroposterior Diameter Measurements of the CEO and the Radial Nerve
Mean Anteroposterior Diameter Measurements Of The CEO And The Radial Nerve (In Mm)
MSUS

VC

Current Study

Toprak et al.19

Lee et al.14

Bodner et al.20

ECRB

1.26

4.23

4.22

NA

EDC

1.11

RN

0.97

NA

NA

1.33

ECRB

5.51

NA

NA

NA

EDC

6.33

RN
1.76
Key: CEO, common extensor origin; ECRB, Extensor carpi radialis brevis; EDC, Extensor digitorum communis; mm, millimetre;
RN, radial nerve
Limitations of the Study
Considering that the cadavers were primarily intended for teaching undergraduate students of the College of Rehabilitation
Sciences of the University of Santo Tomas, only eight upper extremities of four cadavers were included in this study.
Decomposing human cadaver tissues could have affected (non-specifically) the measurement results as there was one month
time lapse between MSUS and Vernier calipre measurements. Additionally, the intra-tester reliability of the testers could not be
generalised to all sonologists and physiotherapists as the measurement process relies on multiple factors such as the expertise
of the testers and equipment used for measuring sizes.
Implications to Research and Practice
Despite that the Vernier calipre is considered the reference standard in validating the measurements obtained through MSUS,
factors such as the use of formalin preserved cadavers, decomposition of human cadaver tissues, and the design of the Vernier
calipre used in this study potentially contributed to the disagreement in the obtained measurements between MSUS and Vernier
calipre. Considering these factors, this study recommends the development of customised Vernier calipre probes for the
measurement of radial nerve and use of fresh cadavers in validating MSUS measurements (with Vernier calipre measurements).
Unless these factors are addressed in future research, the MSUS following a strict scan protocol is still practical and useful in
performing edge-to-edge measurements of the CEO (of the ECRB and EDC) and the radial nerve. The changes in the size of
these structures may characterise the severity of elbow condition as reported in the study of Lee et al, Toprak et al, and Bodner
et al.14,19,20
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